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Chronic hypertension can be induced in
laboratory animals by a number of procedures.
It has been assumed that despite their diversity
all of these procedures induce their effect by
interfering with that function of the kidney
which is concerned in the maintenance of the
normotensive state (1).

The most direct evidence

indicating that some deficiency of renal function
is responsible for the development of hypertension
is the fact that removal of the kidneys or removal
of their cortices results in hypertension and that
extracts prepared from renal tissue when administered
orally results in a reduction of the blood pressure
in the hypertensive .

In order to further establish

the validity of this hypothesis, hypertension was
induced in rats by a variety of procedures and
their response to renal extracts determined.
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Materials and Methods.

Hypertension was

induced in piebald rats of the McCollu.m- Evans
strain, reared in the laboratory, weighing
180 to 220 g.

The procedures used for inducing

hypertension have been described elsewhere and
included the application of:
a)

Figure- of- Eirht Ligature with Contralateral
Nephrectomy 2)
The figure - of- eight ligature is made with a
piece of light weight surgical cord firmly
tied around both ends of the kidney and also
at the middle which disfigures the kidney
from its normal shape .

This procedure places

a stress on the normal function of the kidney
and also restricts its natural growth .

The

contralateral nephrectomy refers to the complete removal of the kidney on the opposite
side .
b)

Choline Deficiency (3)
Ten rats immediately on weaning were placed
on a choline deficient diet prepared by
Nutritional Biochemical Corp. , Cleveland ,
Ohio .

The diet consisted of vitamin free

casein (10%), alpha protein (10%), lard (20%) ,
sucrose (56%) and salt mixture (4%) plus
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vitamin diet mixture , except choline chloride .
Normal drinking water was replaced by 1% sodium
chloride during the period of diet restriction
which lasted 21 days.
c)

Adrenal Regeneration (4, 5)
The weanling rats were subjected to bilateral
enucleation of the adrenal glands .

The operation

was performed on both glands the same day.

The

rats were then given 1% sodium chloride in lieu
of drinking water for a period of 30 days.
d)

Inj ection of Desoxycorticosterone (6)
Ten rats were injected intramuscular once a day
with desoxycorticosterone (Doca) in an amount
previously determined to be adequate to maintain
a normal growth curve (viz. 1mg per rat daily)
when fed their usual diet under normal laboratory
conditions .

The injections were repeated for a

period of 30 days .
e)

Infarction of the Kidney with Contralateral
Nephrectomy (7 )
Ten rats were subj ected to focal infarction of
the kidney .

Under ether anesthesia a posterior

branch of the renal artery was ligated resulting
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in infarction of a wedge of tissue involving
approximately 5- 10% of the kidney substance .
Immediately following the above- mentioned
operation , each rat was also subjected to the
completed removal of other kidney, contralateral
nephrectomy .
f)

Bilateral Infarction of the Kidneys (8)
Ten rats were subjected to focal infarction
of both kidneys .

Under ether anesthesia a

posterior branch of the renal artery was
ligated resulting in infarction of a wedge of
tissue involving approximately 5- 10% of the
kidney substance .

Both operations were per-

formed the same day .
g)

Bilateral Nephrectomy (9)
Both kidneys were removed from the rat the same
day starting the assay procedure.

All food was

removed from the rat at least 12 hours prior to
the operations .

Normal drinking water was re-

placed by 5% sucrose during the period of treatment .

Blood pressures were determined on the

warmed unanesthetized animal by the method of
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Williams , Harrison and Grollman (10).

By this

method , the unanesthetized rat is placed in a
warm incubator (37- C) for approximately 5
minutes.

Then placed in a holder where only

his tail is free and exposed.

The tail is

then slipped into the blood pressure apparatus
where the blood is forced out of the tail back
into the body of the animal by water pressure
on a rubber diaphram surrounding the tail in
the machine .

While the positive water pressure

is still being applied, the blood is constricted
by another rubber diaphram surrounding the base
of the tail inflated with air pressure and
connected to a calibrated mercury manometer .
The water column is so adjusted that any blood
flow back into the tail will cause the level of
the column to rise due to water displacement .
As the air pressure of the menometer is slowly
released, the point at which the level of water
column starts to rise and continues , the mercury
column is observed and stopped on the calibrated
scale .

This is considered to be the systolic

pressure of the rat and is recorded in millimeters of mercury .

The animals were subjected

to a period of training until constant values
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were obtained prior to the experiment.
The renal extract was prepared by grinding
pork kidneys immediately after removal from the
carcass at the time of slaughter of the animal ,
into chilled acetone (1 liter of acetone per
pound of kidney) .

After standing in the refri-

gerator overnight with constant stirring, the
mixture was filtered and the acetone extract
was concentrated in vacuo at 20°C to one-tenth
its original volume and allowed to stand overnight in the refrigerator at 4°C .

It was filtered

again and concentrated to 100 ml. in vacuo at 30°C.
After chilling overnight at 4°C , the supernatant
liquid was concentrated to about 20 ml. and mixed
with powdered food pellets and dried in a vacuum
dessicator in the refrigerator prior to feeding .
Animals with acute hypertension induced by
bilateral infarction or nephrectomy , the chronic
hypertensive animals were fed the renal extract
immediately postoperatively.

The chronic hyper-

tensive animals were treated 3 to 6 months
following the induction of hypertension when
their blood pressure had stabilized at a
constant level .

Following treatment with the
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extract , the blood pressures of all the animals
were determined daily for 6 days and then every
other day for 8 days .

Experiments were performed

on series of 5 ani mals and the blood pressures
averaged and plotted as shown in Figure 1.
decline in blood pressure over the treatment
period of the various groups of animals was
determined by planimetric measurement of the
curves.

The
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Results.

As shown in Table 1 , not all

hypertensive rats respond by a reduction in
blood pressure to the administration of
renal extract .

Animals with acute hyper-

tension during the period of several weeks
following bilateral infarction of the kidneys,
and animals in the malignant phase of hypertension respond to a lesser extent while
animals with chronic hypertension regardless
of the method of its induction and those with
renoprival hypertension all respond by a
decline in blood pressure .
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Fig. 1. The effect of renal extract administered orally
on the blood pressure of hypertensive rats.

THE EFFECT OF RENAL EXTRACT ON VARIOUS FORMS OF
EXPERIMENTAL HYPERTENSION INDUCED IN RATS

FINAL BLOOD PRESSURE (SYSTOLIC IN mm . Hg. )
Reduction

ANIMALS

Constant
Level

rrnn.Hg . Reduction
Level

15

115

115

0

Figure- of-eight ligature
and nephrectomy

5

185

145

40

Choline deficiency

5

180

140

40

Adrenal regeneration

5

180

145

35

Inj . of Doca

5

175

145

30

Infarction and
nephrectomy

5

180

155

25

Bilateral infarction

5

180

160

20

Bilateral nephrectomy

5

175

160
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INDUCED HYPERTENSION
PROCEDURE USED

None (Controls)

NUMBER OF

.....
0
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Discussion.

The results of the present study

indicate that the elevation in blood pressure induced by various procedures responds differently
to the administration of renal extract suggesting
that the factors responsible for the observed rise
in blood pressure differs.

Failure to appreciate

this fact is responsible for many of the inconsistencies noted in other studies of experimental
hypertension .

The variable response noted is in

accord, however, with the previous evidence as to
the pathogenesis of various forms of hypertension.

The fact that renal extract reduces the
blood pressure in rats with chronic stable hypertension induced by a variety of procedures (figureof- eight ligature or infarction of the kidney with
contralateral nephrectomy ; choline deficiency in
the post- weaning period, adrenal regeneration,
desoxycorticosterone , etc . ) suggests that such
hypertension is all of renal origin and a result
of failure of the kidney to maintain the normotensive
state (1) .

Renoprival hypertension induced by

bilateral nephrectomy likewise is pathogenetically
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related to the chronic disorder except that it is
more severe and acute in its development .

All of

these conditions are etiologically similar and need
not be differentiated into various pathogenetically
distinct types.

Other types of hypertension exist which apparently
differ in their mechanism or production from the common
forms of stable chronic hypertension and renoprival
hypertension shown by their failure to respond to
administration of renal extract .

This form of acute

hypertension which includes that induced by infarction
of the kidney is apparently not due to failure of the
kidney to produce an incretory agent essential for
maintaining the normotensive state but as shown
previously (1, 8) is a result of the secretion of
a potent pressor agent by the ischemic kidney .

The

action of this presser agent apparently is not counteracted by the blood pressure reducing factor in renal
extracts .

The relative lack of activity of the renal
extract in animals with malignant hypertension is
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attributable to two principal causes.

Such animals

have a marked degree of generalized atherosclerosis
with secondary systolic hypertension superimposed
on their underlying chronic diastolic hypertnesion .
They also have a circulating pressor agent which as
indicated above is not responsive to renal extract .
The elevation in blood pressure manifested in such
animals is accordingly of three- fold origin , only
one of which will respond to renal extract.
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Summary.

Hypertension was induced in rats

by a variety of procedures and the animals treated
with renal extract .

The response of the blood

pressure varied depending on the manner in which
the hypertension was induced.

Chronic and reno-

prival hypertension responded by a decline in blood
pressure suggesting that these are due to a renal
deficiency with loss of the factor necessary for
maintaining the normotensive state.

Acute hyper-

tension induced by bilateral infarction failed to
respond to extract confirming the previous conclusion
that this form of the disorder was due to the secretion of a presser agent and not to renal deficiency .
Malignant hypertension responded only partially as
expected from the multiple factors responsible for
its elevated blood pressure .
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